Introduction
High intensity rainfall episodes and long lasting rainfall episodes are recognized as major landslide triggering factors worldwide (Wieckzorek, 1996; Corominas, 2001; Guzzetti et al., 2007) . The definition of rainfall amount/duration critical values for slope instability has been attempted for more than 25 years (e.g. Caine, 1980; Fukuoka, 1980; Crozier, 1986) . These efforts have been performed in the framework of both "pure" and "applied" research mostly carried out with the aim of landslide risk mitigation (e.g. Keefer et al., 1987; D'Orsi et al., 1997; Aleotti, 2004) .
Nevertheless, despite the large amount of work done with this goal (e.g. Van Asch et al., 1999; Corominas, 2001; Polemio and Petrucci, 2000; Zêzere et al., 2005; Guzzetti et al., 2007; among others) , it is now recognised that there is no general "universal rule" regarding rainfall thresholds related with slope instability. Additionally, within a single region, different types of slope movements are usually related with distinct hydrological triggering conditions that may be produced by different rainfall episodes (Van Asch et al., 1999; Polemio and Petrucci, 2000; Zêzere, 2000; Corominas, 2001; Zêzere and Rodrigues, 2002; Trigo et al., 2005) .
In a recent paper, Guzzetti et al. (2007) summarizes types and characteristics of rainfall thresholds that may be obtained by process-based models, and by empirically based models. Empirical models are supported by the historical record of landslides as well as by the statistical treatment of rainfall data, and can take into account both the event rainfall and the rainfall antecedent conditions. Such statistically-based Daveau et al., 1977). rainfall thresholds can be used to implement landslide warning systems at the local or regional level (Guzzetti et al., 2007) . However, it is crucial to validate these empirical models with new rainfall and landslide events, in order to constrain the uncertainty, and to minimize the occurrence of both "false positives" (i.e. predicted landslide events that do not occur) and "false negatives" (i.e. occurred landslide events that are not predicted).
The vast majority of landslides registered in the region of Lisbon during the last 50 years were induced by rainfall; therefore landslide activity has been confined to very wet periods. Previous results obtained using empirical relationships between rainfall intensity and slope instability show that critical rainfall conditions for failure are not the same for different types of landslides (Zêzere and Rodrigues, 2002; Zêzere et al., 2005; Trigo et al., 2005) . A considerable fraction of these landslide events occurred immediately after intensive short bursts (1-15 days) of precipitation (e.g. November 1967 and November 1989) . On the contrary, another group of landslide events took place after prolonged periods (30-90 days) of successive precipitation episodes of moderate intensity (e.g. February 1979 and January 1996) . In recent years the authors have found a significant impact exerted by North Atlantic Oscillation (NAO) on the Portuguese mainland winter precipitation (Trigo et al., 2004) and over the recent landslide activity in the study area . This link is related with the control that the NAO exerts, at the monthly and seasonal scales, on the storms entering from the North Atlantic Ocean and corresponding precipitation field.
In 2006, three new landslide events were registered in the Lisbon region. Therefore, the main objectives of the present study are:
1. to characterize the 2006 landslides occurred in the study area, and to discuss the rainfall regime prior to the landslide events as well as the associated atmospheric conditions that were responsible for their trigger;
2. to critically compare the new landslide events with the previously established regression models regarding rainfall intensity/duration, in order to validate critical rainfall thresholds;
3. to analyse the role played by the North Atlantic Oscillation (NAO) during those months marked by landslide activity in order to confirm the relevance of this largescale pattern of atmospheric circulation variability. 1956-57 1959-60 1962-63 1965-66 1968-69 1971-72 1974-75 1977-78 1980-81 1983-84 1986-87 1989-90 1992-93 1995-96 1998- 
The study area
The Lisbon area is part of the southern Portuguese Estremadura being limited by the Tagus River, at the East, and by the Atlantic Ocean, at the West (Fig. 1) . The elevation ranges from 0 to 666 m, and the highest area corresponds to the Montejunto Mountain that is located in the northern part of the study area. This mountain range extends from the NE to the SW over 18 km, and corresponds to a faulted anticline affecting limestones and marls of Upper Jurassic age (Fig. 2) . Another important topographic feature is the Sintra Mountain located near the Atlantic Ocean just north of Cascais (Fig. 1 ). This mountain extends over 10 km in the direction W-E, and have a maximum altitude of 528 m. From the geological point of view, the Sintra Mountain is formed mostly by granite, syenite and gabbro (Fig. 2) , corresponding to the intrusion of an igneous diapyr that occurred during the Late Cretaceous (Kulberg and Kulberg, 2000) . The Lisbon area was affected by a tectonic compressive phase during the Upper Miocene (Ribeiro et al., 1979) . This tectonic phase was responsible for the creation of large ENE-WSW synclines and anticlines, which affected mostly Jurassic and Cretaceous formations (Fig. 2) . In the East zone of the study area, between the Montejunto Mountain and Lisbon, the differential erosion was prevalent during the Quaternary allowing the formation of a hilly landscape that does not exceed 450 m (Fig. 1) . Such landscape includes structural landforms (e.g. cuestas) and large erosive depressions (e.g. in the area of Loures and Arruda dos Vinhos). In the western zone of the study area, a polygenic coastal plateau was constructed during the Late Pliocene and the Early Quaternary (Ferreira, 1981) . This geomorphologic unit does not exceed 200 m (Fig. 1) , and it has a gentle dip (<2 • ) toward the West. The fluvial erosion verified during the Quaternary promoted the degradation of the plateau, and was responsible by the creation of some steep slopes.
The climate of the Lisbon region is Mediterranean but with a significant influence of low-pressure systems originated in the Atlantic. The mean annual precipitation (MAP) ranges from 600 mm to 1000 mm ( Fig. 1) . At the reference rain gauge of S. Julião do Tojal (Fig. 1) , the MAP is 725 mm (Fig. 3) , and the rainfall occurs mostly from October to March (78% of the total amount; 72% of the total rainy days). The precipitation regime is very irregular at the interannual and inter-seasonal scales, and encompasses large periods of drought, long lasting rainy periods, and very intense short rainfall episodes (Trigo et al., 2004 Zêzere et al., 2005; Paredes et al., 2006) .
The Lisbon area is an important landslide-prone area in Portugal . Nineteen landslide events occurred in 11 years (Fig. 3) during the 50 year-long period that spans from 1956 to 2005 . Slope instability reported in the study area includes both shallow slope movements (e.g. shallow soil slips with slip surface depth less than 1.5 m and small debris flows) and more deepseated landslides (e.g. translational slides, rotational slides, complex and composite slope movements, whose slip surface depth typically ranges from 3 to 5 m). Landslide activity is particularly relevant within the following lithological units ( Previous empirical relationships between rainfall and landslide activity established for the study area have been based on the computation of cumulative absolute antecedent rainfall for 1, 2, 3, 4, 5, 10, 15, 30, 40, 60, 75 , and 90 consecutive days. The return period of the obtained rainfall amountduration combinations were assessed by applying the Gumbel distribution (Gumbel, 1958) , and the critical combination responsible for each landslide event has been assumed as the rainfall pair (quantity-duration) with the highest return period Zêzere et al., 2005) . Although this assumption has not a physical basis, it provides the best discrimination between rainfall periods characterised by landslide activity and rainfall periods not related with slope instability . The study of rainfall conditions responsible for the trigger of past landslide events in the study area also includes the reconstruction of calibrated antecedent rainfall (CAR) for 3, 10, 15 and 30 days, by applying the algorithm initially introduced by Crozier (1986) :
where CARx is the calibrated antecedent rainfall for day x; P1 is the daily rainfall observed for the day before day x; P n is the daily rainfall registered for the n-th day before day x; and K (assumed to be 0.9) is the empirical parameter that accounts for the decrease of the impact of a particular rainy event in time due to drainage processes. Following the approach used by the authors, daily precipitation data for the reference rain gauge of S. Julião do Tojal (Fig. 1) was used to derive a general trend relating rainfall amount and the rainfall critical duration for 19 landslide events registered between 1956 and 2005 . The regression line is given by the equation Cr=7.4D+107(R 2 =0.94) where Cr is the cumulative rainfall in mm, and D is the duration in days. Additionally, the combination of the rainfall intensity and the critical rainfall duration produced a regression curve following the equation Ri=84.3D −0.57 (R 2 =0.88), where Ri is the rainfall intensity in mm/day and D is the duration of rainfall in days .
The comparison between the total area affected by shallow and deep slope movements within each landslide event was the criterion used to distinguish between shallow and deep landslide events. Deep (shallow) landslide events are characterised by more than 50% of landslide area associated to slip surfaces depth >1.5 m (depth <1.5 m). The distinction between landslide events concerning the number of days relevant to the antecedent rainfall was confirmed by combining the daily rainfall and the CAR. The best results obtained for shallow landslide events were attained with the combination between the daily rainfall and the 5 days CAR through the exponential rule Dr=167.28e −0.0355CAR , where Dr is the daily rainfall. On the other hand, deep landslide events are better discriminated by a combined threshold of daily rainfall =16 mm and 30 days CAR=85 mm . The different time span is consistent with the distinct hydrological triggering conditions related to different types of landslides. Intense rainfall is responsible by the rapid growth of pore water pressure and by the loss of the apparent cohesion of thin soils, resulting in failure within the soil material or at the contact with the underlying impermeable bedrock (Gostelow, 1991; Iverson, 2000) . Long duration, but less intense, rainfall periods allow the steady rise of the groundwater table and the occurrence of deep failures by the reduction of shear strength of affected materials (Van Asch et al., 1999; Iverson, 2000) .
Rainfall-triggered landslide events in the Lisbon region over 2006
In 2006, three new rainfall-triggered landslide events occurred in the Lisbon region, namely on the 20 March, the 25-27 October, and the 28 November. During these three events we have identified and characterised about 51 individual landslide occurrences (Fig. 1) . Table 1 summarizes the rainfall amount -duration combinations observed at S. Julião do Tojal and the corresponding return period for the three landslide events, that were obtained applying the same rationale used in previous work developed for the study area Zêzere et al., 2005) .
The 20 March 2006 event
The beginning of the climatological year of 2005-2006 was dry (9 September, 9 mm), but the precipitation registered in October (121 mm) and November (156 mm) was above the monthly average (32 mm and 43 mm, respectively). Rainfall decreases in December 2005 and January 2006 (62 mm and 68 mm, respectively; 45.5 mm and 32 mm below monthly averages). February was slightly wet (103 mm, 12 mm above monthly average), and March registered 267 mm. The last feature is the absolute maximum for this month in a 50-years period, and surpasses 3.9 times the monthly average (69 mm). Figure 4a illustrates the evolution of antecedent rainfall for different durations (1 to 60 days) at S. Julião do Tojal from September 2005 to April 2006. According to the above mentioned criteria used to define the critical rainfall combination (amount/duration), the landslide event occurred on 20 March was related with an intense rainfall concentrated in just 4 days ( Table 2 ). The total rainfall for this period was 155.8 mm (i.e. more than twice the March average), and the corresponding rainfall intensity was 39 mm/day ( Table 2 ). The return period obtained for this rainfall episode was 12.9 years. Figure5a shows the distribution of the 4-days cumulative rainfall for the 20 March 2006, that was obtained after interpolating the rainfall data available for twenty rain gauges located in the study area. The landslides concentrate in areas where the 4-days cumulative rainfall was above 50 mm, and the maximum intensity of the rainfall episode was constrained in the area of S. Julião do Tojal and Loures.
The atmospheric conditions responsible for this landslide event were dominated by the influence of a cut-off low system. A cut-off low (COL) corresponds to a closed low in the upper troposphere that has become completely detached (cut off) from the basic westerly current usually being advected equatorward of the mid-latitude westerlies (Nieto et al., 2005) . These systems are slow moving and often stay over the same region for several days, therefore capable of considerably affecting the weather conditions felt at the surface . Using National Centers for Environmental Prediction/National Center for Atmospheric Research (NCEP/NCAR) reanalysis-2 data (obtained in the NOAA Operational Model Archive Distribution System -NOMADS -website), different features of this COL are represented in Fig. 6 , illustrating some relevant factors that explain the occurrence of persistent and abundant rainfall over the Portuguese area. Taking into account the position of the surface low centre (a weak low, with central minimum pressure slightly below 996 hPa, Fig. 6a ) it is possible to recognize the presence of a south-westerly flow at the lower levels. During the four days of this event the COL system moved slowly from SW to NE where it reached its final stage on the 20 March, when the COL's centre stationed over the Spanish north-western province of Galicia. The cloudiness associated with the activity of this COL was predominantly of the convective type and its development occurred mainly at the advancing edge of the system, causing abundant rainfall over Southern Portugal. On the 17 March the western sector of the Portuguese territory was particularly affected by intense rainfall (55.4 mm at S. Julião do Tojal), as suggested by the convective precipitation rate field represented in Fig. 6c .
The 20 March event triggered 21 individual landslides ( Fig. 1 ) that were mostly shallow slope movements (18 out of 21), with failure depth lower than 1.5 m, including 13 shallow translational slides, 2 shallow rotational slides, and 3 debris flows shifted from shallow landslides ( Table 2) . Individual examples of these shallow landslides can be appreciated in Fig. 7 . Additionally, there were also 3 rotational slides with slip surface deeper than 1.5 m. Landslides distribute mostly on the sedimentary formations of Upper Jurassic age (Table 3 , Fig. 2 ): 12 cases, 57% of total registered landslides.
The 25-27 October 2006 event
Rainfall occurrence was observed to be close to average during the first month of the 2006-2007 climatological year (38 mm in September, 8 mm above the monthly average). However, October registered 240 mm, i.e. 2.7 times the corresponding monthly average. Figure 4b illustrates the evolution of antecedent rainfall for different durations (1 to 60 days) at S. Julião do Tojal from September 2006 to April 2007. The precipitation was very intense during the second half of October; in this period, daily rainfall surpassed 25 mm in four distinct occasions, and the yearly maximum was observed on the 25 October (69.3 mm). The critical rainfall conditions for the landslide event were found to be 218.5 mm in 10 consecutive days ( Table 2 ). The corresponding rainfall intensity was 22 mm/day, and the return period of the precipitation event is 10.1 years. The maximum cumulative rainfall was observed in the Montejunto Mountain and in the Loures area (Fig. 5b) , and most landslides distribute in areas where the 10-days cumulative rainfall was above 200 mm.
This event includes two distinct periods, a short and moderate rainy burst, followed by a torrential rainfall episode in the Lisbon area. This later torrential episode began at noon on the 24 October and finished in the early morning of the following day, corresponding to a total duration of just 18 h. The total rainfall registered for this episode exceeded 69 mm in S. Julião do Tojal, and 88 mm in Penedos de Alenquer, located in the south flank of the Montejunto Mountain (164 m a.s.l).
The synoptic scale atmospheric circulation over the Iberian Peninsula during this two days period was controlled by an extratropical cyclone located NW of Portugal as shown at 0:00 h on the 25 October (Fig. 8a ). warm and moist air from the SW, contributing to the establishment of an instability band. Several convective cloud systems embedded in this band have caused thunderstorms producing intense rainfall over small areas. Figure 8 (b, c and d) illustrates the sequence of convective precipitation rate obtained for three moments separated by 6 h. This sequence clearly shows that the region just north of Lisbon was particularly affected by the precipitation associated with these convective cells.
Six shallow soil slips were triggered during the 25-27 October event (Table 3 , Fig. 2 ). Three slope movements affected basalts and volcanic tuffs belonging to the Upper Cretaceous Volcanic Complex of Lisbon (Fig. 7) and the remaining distribute on Palaeogene, Albian-Cenomanian, and Upper Jurassic sedimentary formations.
The 28 November 2006 event
In November, 229 mm were registered at S. Julião do Tojal, i.e. more than double the monthly average. Some intense showers occurred throughout the second half of this month (Fig. 4b) , namely on the 24-25 (72 mm) and the 28 (36.5 mm). The landslide event was related with an accumulated rainfall value of 470 mm registered for the prolonged 40-days period ( Table 2 ). The cumulative precipitation for the selected period was higher than the winter average, corresponding to roughly two-thirds of the MAP. The corresponding rainfall intensity was 11 mm/day, and the return period of the precipitation event is 8.2 years. The 40-days cumulative rainfall was abundant along a SW-NE direction zone where most landslides were observed (Fig. 5c) . Like for the October episode, the maximum rainfall was verified in two spots within that zone: the Montejunto Mountain and the Loures area (Fig. 5c ).
In addition to the antecedent rainfall conditions, this landslide event is associated with a wet spell occurred between the 23 and 28 November. In this period the mid and upperlevel circulation was dominated by intense westerlies over the Eastern Atlantic, conditioning the activity of frontal lows moving into the European shores. Two major rainstorms were caused by similar synoptic circulation conditions, and, for both rainy episodes, the origin of rainfall was closely linked with the activity of cold fronts. Here we have concentrated our analysis on the second rainstorm (27-28 November), because this episode contributed more decisively to trigger the landslide event. The most relevant features of the atmospheric circulation for the low and mid tropospheric levels are shown in Fig. 9a . We present also the corresponding infra-red meteosat image (MSG-IR), illustrating the presence of the cold front cloud system on the 27 November (at 06:00 h), precisely before reaching the Lisbon region (Fig. 9c) . The active cold front system crossed the Portuguese territory from the SW to the NE during the late afternoon and the night of the 27 and at the daybreak of the 28 November. On the 27 November (18:00 h), the high moisture content of the air mass moving into Portugal is confirmed by the peak values of precipitable water (above 30 mm) oriented with a SW-NE axis (Fig. 9b) . Consequently several convective cloud systems were formed near western Iberia (Fig. 9c) , producing abundant rainfall over large areas of Portugal (Fig. 9d) . The Lisbon area was affected by intense showers, with immediate consequences for landslide activity, taking into account the antecedent precipitation observed in the previous weeks.
The 28 November event triggered 24 individual landslides (Figs. 1 and 6 ), including 7 rotational and 1 translational slides with deep slip surfaces. Thus this event produced, on average, deeper landslides than the corresponding slope movements described previously for late October. The remaining 16 landslides are soil slips (shallow translational slides, 13 cases; shallow rotational slides, 3 cases). The majority of landslides registered in November 2006, including 6 deep slope movements, distribute on sedimentary formations of Upper Jurassic age (Table 3 , Fig. 2 ). Other lithological units affected by slope instability during this event are the Palaeogene, Albian-Cenomanian and Lower Cretaceous sedimentary formations. models regarding rainfall amount/duration previously fit for the study area (Sect. 3). Only this type of application to independent data (i.e. not used in any way during the calibration process) will allow us to validate regional rainfall thresholds for landslide activity. The above mentioned regression model was used to automatically derive the minimum daily rainfall needed to reach the precipitation triggering threshold at S. Julião do Tojal, for any of the following consecutive days: 1, 2, 3, 4, 5, 10, 15, 30, 40, 60, 75 and 90 . This calculation accounts for the continuous cumulative absolute antecedent rainfall, and it is shown in Fig. 11a for the period that spans between 2000 and 2007. The landslide events occurred in March, October and November 2006 are marked in Fig. 11b and c, and evidence a remarkable temporal constraint that confirms the ability of our model to predict such landslide events. Figure 11a also shows a landslide event occurred in January 2001 that was described in previous works (Zêzere and Rodrigues, 2002; Trigo et al., 2005; Zêzere et al., 2005) . From January 2001 to March 2006 the regional rainfall threshold was never reached, and simultaneously, no landslide activity was reported for the Lisbon region during this period. Therefore, from 2001 to 2007, our model did not predict landslide events that did not occur (i.e. "false positives"), and there is no evidence of unpredicted landslide events (i.e. "false negatives").
Validation of rainfall thresholds
As it was previously referred, the pre-existing regional rainfall thresholds for landsliding also account the CAR . Figure 12 shows the combination of the daily rainfall with the corresponding CAR for 5 (a), 10 (b), 15 (c) and 30 (d) days. The empirical drawn rules were defined taking into account data relative to the 19 reported landslides events for the period 1956-2005 (adapted from Zêzere et al., 2005) . Table 4 
Relationships with the North Atlantic Oscillation
Recent works have been able to establish links between landslide activity and low frequency atmospheric circulation patterns such as the El Niño Southern Oscillation (ENSO) and the North Atlantic Oscillation (NAO). In particular and Zêzere et al. (2005) have found a significant control exerted by NAO on the Portuguese mainland precipitation and over the recent geomorphological activity in the area around Lisbon. Having shown in previous works that the winter precipitation Iberia is largely associated with the NAO mode (Trigo et al., 2004 we will now concentrate on the precipitation that is measured at the rain gauge station located closer to the landslide events. For this purpose we use all the available monthly rainfall from November to March, at S. Julião Tojal, between 1939 and 2007. The inter-annual variability of this enlarged winter (NDJFM) precipitation and corresponding winter NAO index can be observed, for the 1932-2007 period in Fig. 13 . It should be noticed that both curves (precipitation and NAO index) were normalized and the NAO index multiplied by minus one to facilitate visual comparisons. The correlation coefficient between both curves is R=−0.65 (statistically significant at the 1% level). This figure also puts into evidence that the vast majority of landslide events have occurred with higher than usual winter precipitation, and simultaneously with lower than average winter NAO index.
Finally we have analyse the role played by the NAO during (and prior to) those months of 2006 marked by landslide activity. Table 5 were all characterised by negative NAO values and strong positive precipitation anomalies.
Concluding remarks
Landslides occurred during the last 5 decades in the Lisbon area were almost entirely triggered by precipitation, with shallow soil slips usually related to short intense rainfall periods (1-15 days) and deep slope movements mostly associated to longer periods of less intense rain (30-90 days). In 2006, three new rainfall-triggered landslide events occurred in the Lisbon region, namely on the 20 March, the 25-27 October, and the 28 November. During these three events we have identified about 51 individual slope movements that spread over a geographical area larger than 1400 km 2 (from Lisbon to the south flank of the Montejunto Mountain). These individual slope movements were characterised by different lithological, morphological and land cover conditions. The 20 March event comprises 21 individual landslides, essentially shallow slope movements (86% of total landslides), which concentrate mostly on the sedimentary formations of Upper Jurassic age (57% of total registered landslides). The 25-27 October event includes 6 shallow soil slips, half of them occurred on basalts and volcanic tuffs belonging to the Upper Cretaceous Volcanic Complex of Lisbon. Finally, the 28 November 2006 event encompasses 24 individual landslides, including 7 rotational and 1 translational slides with deep slip surfaces. About half of these landslides concentrate on sandstones, conglomerates and clays of Upper Jurassic age.
The comparison between critical rainfall distribution and landslide incidence for the landslide events observed in 2006 led us to conclude that landslides have not clustered around those areas where the maximum rainfall was registered. Additionally, the spatial distribution of landslides, although influenced by the rainfall distribution, is controlled by the location of particular lithological units. Therefore, these results prove that excessive rainfall alone is not sufficient to trigger landslides on stable slopes, confirming the importance of the geological background as predisposing factor for slope instability. The landslide incidence observed in the Lisbon area in the last 50 years allows us to identify the Upper Cretaceous Volcanic Complex of Lisbon, the Albian-Cenomanian marls and clays, and the Upper Jurassic sandstones, conglomerates, marls, clays and limestones, as the most important landslideprone lithological units in the study area. From this perspective, the slope instability events verified in 2006 are found to be in accordance with this observation, because 78% of the total registered landslides concentrate within these lithological units.
The critical rainfall conditions responsible for each landslide event were assumed as the rainfall pair (amount -duration) characterised with the highest return period value. According to this criterion, the 20 March event was triggered by 155.8 mm of rain concentrated in 4 days, while the critical rainfall conditions for the 25-27 October event corresponded to 218.5 mm in 10 consecutive days. In contrast, the 28 November event was associated with a cumulative precipitation of 470 mm observed for the 40-days period. The March and October events were characterised by very intense rainfall (22 to 39 mm/day) that produced essentially shallow landslides (e.g. shallow translational slides and small debris flows). On the other hand, the November event was characterised by the long duration, but less intense precipitation (11 mm/day), which produced some deep failures (e.g. rotational slides), associated to the steady rise of the groundwater table.
We have characterised in detail the short and long-term atmospheric circulation conditions that were responsible for the trigger of landslide events. It was shown that the three events correspond to considerably different synoptic atmospheric patterns, with the March event being associated to an intense cut-off low system and the October and November events related to more typical Atlantic low pressure systems (and respective fronts) travelling eastwards. It should be stressed that, different synoptic atmospheric patterns are able to generate relatively similar critical rainfall conditions (amount -duration) in the study area, therefore we did not find a unique connection between the synoptic atmospheric circulation and landslide activity.
Furthermore, we have analysed the role exerted by the North Atlantic Oscillation (NAO) during those months marked by landslide activity in order to establish possible relationships between this pattern of atmospheric circulation variability in the Northern Hemisphere and regional slope instability events. We have shown that the March event was preceded by 5 consecutive months with very low NAO values, while the October and November events were preceded, respectively, by 2 and 3 months with considerably negative values of NAO. Additionally, the NAO index was significantly negative during the months of the two first events (March and October 2006) , and the single exception to this rule corresponds to November 2006. Nevertheless, despite the positive NAO value verified in November, this month was preceded by a long period (three months) with consistently NAO values below −1.0. This result confirms what has been found by the authors on the pre-conditioned role played by consecutive months of negative NAO index (usually associated with positive precipitation anomalies) for a large number of landslide events in the study area Zêzere et al., 2005) .
The critical rainfall values corresponding to landslide events occurred in 2006 were compared with the preestablished regression models regarding rainfall amountduration, in order to validate regional rainfall thresholds. It was found that landslide events verified in 2006 fall above the threshold corresponding to the regression model between the critical cumulative rainfall amount and the corresponding rainfall event duration for 19 landslide events occurred from 1956 to 2005 (i.e. y=7.4x+107). Moreover, the reliability of this regression rule, as regional rainfall threshold, is confirmed by the inexistence of both "false positives" and "false negatives" during the period from January 2001 to March 2006.
We have proved that landslide events occurred in 2006 also fit regional thresholds defined by the combination of the daily rainfall and the calibrated antecedent rainfall (CAR) for 5, 10, 15 and 30 days, although an exception to this rule was observed for the 30-days CAR corresponding to the 28 November landslide event. This result may be explained by a limitation of the objective rule adopted, but it is possible that the exception is explained by the method used to derive the calibrated antecedent rainfall. In fact, the adoption of a constant K=0.9 might be a choice too drastic as it makes negligible all the rainfall that has occurred prior to 30 days before a landslide event. Therefore, as it stands, CAR may not be the most suitable index to characterize landslide events associated to rainfall periods longer than 30 days, as was the case of the 28 November event.
We acknowledge that results obtained here need to be further confirmed in the near future, when further landslides events take place in the Lisbon area. In the meantime, we are confident that the validation exercise presented here is very promising for landslide risk mitigation purposes. In fact, the availability of daily rainfall records in near real time allows the automatic computation of the minimum daily rainfall needed to reach the precipitation triggering threshold, and therefore, the implementation of a regional landslide warning system.
